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(57) ABSTRACT

A connector is for the inductive transmission of electrical
energy. The connector includes a female part and a male part.
The female part and the male part each are provided with an
electrical circuit, the electrical circuit forming either a pri-
mary side or a secondary side of a transformer. The female
part includes a spherical cavity and a surface layer and the
male part includes a spherical portion and a surface layer. The
spherical cavity is complementary to the spherical portion.
The electrical circuit of the female part is formed with a
concave side on the side facing the surface layer of the female
part, and the electrical circuit of the male part is positioned in
the spherical portion of the male part. The electrical circuit is
formed with a convex side on the side facing the surface layer
of the male part.

7 Claims, 2 Drawing Sheets
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1
DEVICE FOR INDUCTIVE TRANSMISSION
OF ELECTRICAL ENERGY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. national stage application of
International Application PCT/N0O2013/050221, filed Dec.
13, 2013, which international application was published on
Jun. 19, 2014, as International Publication W02014/092583
in the English language. The international application is
incorporated herein by reference, in entirety. The interna-
tional application claims priority to Norwegian Patent Appli-
cation No. 20121513, filed Dec. 14, 2012, which is incorpo-
rated herein by reference, in entirety.

FIELD

The invention relates to a connector for the inductive trans-
mission of electrical energy. More particularly, the invention
relates to a connector with a female part and a male part, the
female part and the male part being arranged to transmit more
electrical energy than other such connectors of the same
diameter. The connector is used with particular advantage in
underwater operations.

BACKGROUND

The inductive transmission of electrical energy is known
within the art. A connector for the inductive transmission of
energy is a non-galvanic connector. In its simplest form, a
connector for the inductive energy transmission consists of a
transformer in which a primary side sits in one half of the
connector and a secondary side sits in the other half of the
connector. A short distance between the primary side and the
secondary side gives little loss of energy, whereas the energy
loss increases with increasing distance between the primary
side and the secondary side. The patent publication WO2005/
106902 discloses a device for such an inductive transmission
of electrical energy. According to this patent publication, a
power source connected to a resonant circuit is frequency-
regulated. It is also known that communication signals may
be transmitted in the same way.

The inductive transmission of electrical energy is known
for charging electric toothbrushes, among other things. The
patent publication JP H05236663 discloses a toothbrush with
a secondary coil which is positioned in a rounded end portion.
The toothbrush is charged by the toothbrush being placed in
a holder which supports the toothbrush in such a way that the
toothbrush is held in a vertically oriented position. The holder
is provided with a spherical recess for the end portion of the
toothbrush. A primary coil is positioned underneath the
spherical recess. The patent publication CN 202550219 dis-
closes a connector for the inductive transmission of energy
and “wireless local area network” (WLAN) data. The con-
nector can be used under water. The connector includes a
male part and a complementary female part. The male part is
formed as a truncated cone. The patent publication DE
19621003 discloses a plug connector for the inductive trans-
mission of energy and signals. The plug connector includes a
male part and a complementary female part. The male part is
formed as a cylinder with an end portion formed as a trun-
cated cone. The male part includes a core consisting of sin-
tered ferrite. A primary coil is wound around a portion of the
core. The female part includes a sleeve formed out of an
injection-moulded plastic-bonded ferrite material. A second-
ary coil is wound around a portion of the sleeve. The patent
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publication U.S. Pat. No. 3,743,989 discloses a plug connec-
tion for the inductive transmission of energy and signals. The
plug connection includes a male part and a complementary
female part. The shape of the male part includes a short
cylinder and a following long portion which is formed as a
truncated cone. The plug connection is suitable for use in sea
water. Surfaces that will come into contact with the sea water
are covered with a coating that includes neoprene with an
added anti-fouling agent. This gives protection against cor-
rosion and fouling.

The inductive transmission of energy and signals is par-
ticularly advantageous in sea water as sea water has good
electrical conducting properties. In the petroleum industry, it
is known to use remote-operated underwater vehicles, so-
called ROVs. Further, it is known that ROVs may manipulate
connectors for inductive energy transmission under water by
moving a male part into a female part or a female part onto a
male part.

A drawback of using inductive energy transmission is that
it is a limited amount of energy that may be transmitted. The
amount of energy that may be transmitted is dependent on the
area between the primary side and the secondary side, among
other things. A drawback of known connectors for inductive
energy transmission that are to be operated by an ROV is that
it is difficult for an ROV operator to make the male parthitand
connect to the female part, or the female part hit and connect
to the male part. ROVs are affected by water currents, and the
ROV has an inert mass that may make it difficult to manoeu-
vre with the precision required.

SUMMARY

The invention has for its object to remedy or reduce at least
one of the drawbacks of the prior art or at least provide a
useful alternative to the prior art.

The objectis achieved through features which are specified
in the description below and in the claims that follow.

The invention relates to a connector for the inductive trans-
mission of electrical energy, the connector including a female
part and a male part; the female part and the male part each
being provided with an electrical circuit, the electrical circuit
forming either a primary side or a secondary side of a trans-
former; the female part including a spherical cavity and a
surface layer and the male part including a spherical portion
and a surface layer; the spherical cavity being complementary
to the spherical portion, and the electrical circuit of the female
part being formed with a concave side on the side facing the
surface layer of the female part, and the electrical circuit of
the male part being positioned in the spherical portion of the
male part and the electrical circuit being formed with a con-
vex side on the side facing the surface layer of the male part.

The surface layer of the female part may be provided with
channels, the channels extending along the periphery of the
cavity from an inner portion of the spherical cavity to an
entrance portion of the spherical cavity, and the channels
having mouth portions at the entrance portion of the spherical
cavity.

The male part and the female part may each be provided
with an antenna for radio communication. The male part may
be provided with an electronics chamber arranged to substan-
tially maintain a pressure of 1 atm. The female part may be
provided with an electronics chamber arranged to substan-
tially maintain a pressure of 1 atm. The female part may be
provided with a sealing membrane on the inside of the surface
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layer. The male part may be provided with a sealing mem-
brane on the inside of the surface layer.

BRIEF DESCRIPTION OF THE DRAWINGS

In what follows, an example of a preferred embodiment is
described, which is visualized in the accompanying drawings
in which:

FIG. 1 shows a section of a female part for a connector for
the inductive transmission of electrical energy in accordance
with the invention;

FIG. 2 shows a section, on the same scale as FIG. 1, of a
mate part of a connector for the inductive transmission of
electrical energy in accordance with the invention;

FIG. 3 shows a detail A of FIG. 1 on a larger scale; and

FIG. 4 shows a detail B of FIG. 2 on the same scale as FIG.
3.

DETAILED DESCRIPTION OF THE DRAWINGS

In the drawings, the reference numeral 1 indicates a con-
nector for the inductive transmission of electrical energy. The
connector 1 is composed of a female part 2 and a male part 3.
Only parts that are important for the understanding of the
operation of the invention are mentioned.

The female part 2 comprises an inner housing 20 and an
outer housing 20" enclosing the inner housing 20. At one end
portion, the inner housing 20 is formed with a concave or
spherical cavity 27 which is arranged to accommodate a
spherical portion 37 of the male part 3. The inner housing 20
may consist of a metal or a polymer, or a combination of a
metal and a polymer. The inner housing 20 forms a pressure
barrier. The outer housing 20' may consist of a metal or a
polymer, or a combination of a metal and a polymer.

The cavity 27 is bounded towards the surroundings by a
surface layer 21. The surface layer 21 may consist of a poly-
mer. In the surface layer 21, channels 22 are shown. The
channels 22 extend along the periphery ofthe spherical cavity
27, from an inner portion 270 of the spherical cavity 27 to an
entrance portion 279 of the spherical cavity 27. The channels
22 have mouth portions 220 at the entrance portion 279 of the
spherical cavity 27. The purpose of these channels 22 is
described in what follows. Within the surface layer 21, a
sealing membrane (not shown) may have been positioned.
The sealing membrane may enclose the inside of the surface
layer 21. Facing the surface layer 21, an electrical circuit 24
constituting a primary side or a secondary side of a trans-
former has been formed. The electrical circuit 24 is shown
embedded in a polymer-containing mass 25. The polymer-
containing mass 25 may comprise an epoxy mass 25. The
space between the polymer-containing mass 25 and the hous-
ing 20 is filled up with a ferrite-containing mass 26. A plu-
rality of channels 23 extend through the inner housing 20 to
the polymer-containing mass 25 with the electrical circuit 24.
Wires 4 extend from the electronics chamber (not shown) of
the female part 2, through the housing 20 to the electrical
circuit 24 through one or more of the channels 23.

The male part 3 includes a pressure barrier 30. In one
portion, the pressure barrier 30 is formed with a convexly
protruding spherical portion 309. In addition, the pressure
barrier 30 is shown with a cylindrical portion 300 within the
protruding spherical portion 309. The pressure barrier 30 may
consist of a metal or a polymer, or a combination of a metal
and a polymer. The pressure barrier 30 surrounds an electron-
ics chamber 39.

In a portion, the male part 3 is bounded towards the sur-
roundings by a surface layer 31. The surface layer 31 is shown
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with a spherical portion 319 and a cylindrical portion 310.
The surface layer 31 may consist of a polymer. A sealing
membrane (not shown) may be positioned within the surface
layer 31. The sealing membrane may enclose the inside of the
surface layer 31.

Within the surface layer 31, an electrical circuit 34 has been
formed, constituting a primary side or a secondary side of a
transformer. The electrical circuit 34 is shown embedded in a
polymer-containing mass 35. The polymer-containing mass
35 may comprise an epoxy mass 35. The space between the
polymer-containing mass 35 and the pressure barrier 30 is
filled up with a ferrite-containing mass 36. Wires 4' extend
from the electronics chamber 39 of the male part 3 to the
electrical circuit 34 through channels 33. The male part 3 is
further provided with one or more flanges 5.

In the figures, an antenna 6 in the female part 3 and an
antenna 6' in the male part 3 are shown as well. The antenna
6 extends towards the inner portion 270 of the spherical cavity
27. The antenna 6' extends towards the top portion 319 of the
male part 3. The antennas 6, 6' enable radio communication
between the female part 2 and the male part 3.

The electrical circuit 24 of the female part 2 is formed with
a concave side 240 facing the surface layer 21 and the spheri-
cal cavity 27. The electrical circuit 34 of the male part 3 is
formed with a convex side 340 facing the surface layer 31 and
the spherical portion 37. A short and constant distance
between the electrical circuit 24 and the electrical circuit 34
along the concave side 240 and the convex side 340 is thereby
achieved. By a concave side is meant, in this description, that
the side forms a portion of an internal ball surface. By a
convex side is meant, in this description, that the side forms a
portion of an external ball surface. The internal ball surface
and the external ball surface may deviate from a perfect ball
surface in which each point has the same radius to the centre
of the imaginary ball.

The necessary electronics and electrical circuits are posi-
tioned in the electronics chamber (not shown) of the female
part 2 and in the electronics chamber 39 of the male part. The
electronics chamber of the female part 2 and the electronics
chamber 39 of the male part 3 may be kept at a pressure which
is substantially the atmospheric pressure as the inner housing
20 of the female part 2 forms a pressure barrier and the male
part 3 includes the pressure barrier 30.

The surface layer 31 of the male part 3 is further formed
with a spherical shape. This has the advantage of enabling the
male part 3 to hit the female part 2 at an angle that deviates
from the longitudinal axis 7 of the female part 2. Still, the
shapes of the male part 3 and female part 2 will result in the
male part 3 and the female part 2 being brought together
completely as they are pressed towards each other. This facili-
tates the joining of the female part 2 and the male part 3 by the
use of an ROV. Water present in the cavity 27 of the female
part 2 will be squeezed out as the male part 3 is inserted. This
gives a self-cleaning effect as any particulate material that
may have settled on the surface layer 21 of the cavity 27 will
be whirled up and carried away. The channels 22 increase the
self-cleaning effect.

In an alternative embodiment (not shown), the surface
layer 31 of the male part 3 is provided with channels. The
channels may extend across the spherical portion 319 and end
at the cylindrical portion 310.

The spherical portion 37 gives a larger surface than a cor-
responding flat portion of the same diameter. This has the
advantage of a larger area being available for the electrical
circuit 24 and the electrical circuit 34. Greater power may
thereby be transmitted than that in known solutions of the
same diameter.
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The spherical shape enables the pressure barrier 30 to
withstand greater pressures with the same thickness of mate-
rial, or the thickness of material to be reduced in order to resist
the same pressures, as other known designs. This is advanta-
geous as part of the electronics and the electrical components
that are necessary for the operation of the inductive connector
will have to be protected from both water and pressure.

The invention claimed is:

1. A connector for the inductive transmission of electrical

energy, the connector comprising:

a female part and a male part; the female part and the male
part each being provided with an electrical circuit, the
electrical circuit forming either a primary side or a sec-
ondary side of a transformer; the female part including a
spherical cavity and a surface layer and the male part
including a spherical portion and a spherical surface
layer; the spherical cavity being complementary to and
arranged to accommodate the spherical portion,

wherein the electrical circuit of the female part is formed
with a concave side on the side facing the surface layer of
the female part, and the electrical circuit of the male part
is positioned in the spherical portion of the male partand
the electrical circuit is formed with a convex side on the
side facing the surface layer of the male part,

the electrical circuits along the concave side and the convex
side being configured to provide a short constant dis-
tance and an area therebetween to reduce loss of electri-
cal energy and improve electrical energy transmission.

2. The connector in accordance with claim 1, wherein the

surface layer of the female part is provided with channels, the
channels extending along the periphery of the spherical cavity
from an inner portion of the spherical cavity to an entrance
portion ofthe spherical cavity, and the channels having mouth
portions at the entrance portion of the spherical cavity.
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3. The connector in accordance with claim 1, wherein the
female part and the male part are each provided with an
antenna for radio communication.

4. The connector in accordance with claim 1, wherein the
male part is provided with an electronics chamber arranged to
substantially maintain a pressure of 1 atm.

5. The connector in accordance with claim 1, wherein the
female part is provided with a sealing membrane on the inside
of the surface layer.

6. The connector in accordance with claim 1, wherein the
male part is provided with a sealing membrane on the inside
of the surface layer.

7. A connector for the inductive transmission of electrical
energy, the connector comprising:

a female part and a male part; the female part and the male
part each being provided with an electrical circuit, the
electrical circuit forming either a primary side or a sec-
ondary side of a transformer; the female part including a
spherical cavity and a surface layer and the male part
including a spherical portion and a spherical surface
layer; the spherical cavity being complementary to the
spherical portion,

wherein the electrical circuit of the female part is formed
with a concave side on the side facing the surface layer of
the female part, and the electrical circuit of the male part
is positioned in the spherical portion of the male part and
the electrical circuit is formed with a convex side on the
side facing the surface layer of the male part, and

wherein the surface layer of the female part is provided
with channels, the channels extending along the periph-
ery of the spherical cavity from an inner portion of the
spherical cavity to an entrance portion of the spherical
cavity, and the channels having mouth portions at the
entrance portion of the spherical cavity.
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